Background: Perioperative skin injury is a major issue; therefore, several preventa-
| MATERIAL S AND ME THODS

| Definition of terms
In this study, not only changes in epidermal/dermal tissue thickness, subcutaneous tissue thickness, and skin tissue thickness before and after surgery but also in ultrasonic imaging findings of the skin tissue structure were evaluated.
| Study design
This was a prospective observational study conducted at the hospital affiliated with the medical department at Gunma University, which cooperated with and consented to participation in this study.
The survey period was from June through October 2017.
| Subjects
Subjects were 20 patients who planned to undergo open hepatectomy with a planned operative time of at least 8 hours and whose primary physicians provided consent to cooperate with the study.
| Medical record survey
| Basic subject characteristics
The basic characteristics obtained from medical records were age, sex, body mass index, primary condition, infection type, nutritional state (albumin and total protein), respiratory function status (vital capacity as a percent of predicted [%VF] and forced expiratory volume in 1 second as a percent of forced vital capacity [FEV 1 .0% ]), smoking history, medical history, and degree of liver damage.
| Surgical data
We collected the surgical data and water intake/output balance data from the medical records, anesthesia charts, surgical nurse records, and intensive care unit records.
| Methodology for ultrasonic imaging measurements
| Measurement times
A total of four measurements were obtained. Measurements were performed using the ultrasonic diagnostic device the day before surgery, postoperative day 1, postoperative day 3, and postoperative day 5 (the day of the surgery was defined as postoperative day 0).
| Ultrasonic diagnostic device
Ultrasonic tomographic imaging was performed using the S Series S-Nerve Ultrasound System SonoSite for all subjects. The ultrasonic probe was a 15 to 16 MHz linear model with superior visualization of surface tissues. A gel pad (2 × 9 cm; Aquaflex ultrasound gel pad; Parker Laboratories, Inc) was used at the measurement site; this gel pad enabled clear visualization of the most superficial layer of the skin, avoidance of excessive pressure on the skin tissue during measurements, and prevention of changes in skin thickness caused by the technique when the probe was manipulated. In addition, a mark was made using a medical marker (Surgical Skin Marker; Bonimed), with the consent of the subjects, so that the same site could be measured on all measurement days.
| Study protocol
To ensure the reliability and validity of the measured values without imposing an undue burden on the subjects while studying them, we prepared a protocol for the measurement technique/methodology on the basis of previous studies and the advice of experts, anesthesiologists, and clinical laboratory technicians. Then, the survey contents and techniques/methodologies were confirmed using the protocol for healthy subjects. We repeatedly verified that there would be no undue burden on subjects postoperatively while revising the protocol. The revised protocol was again examined by researchers and then adopted as the measurement procedure.
| Site and body position for measurement
There were three measurement sites: the lateral abdomen, upper arms, and lower legs. The basic body position comprised a horizontal head and the supine position. When measuring the lateral abdomen (10 cm proximal from the left anterior superior iliac spine), the subject was prompted to breathe deeply and relax. In such a state, the arms were held in the same position as that during the arm measurements. When measuring the arms (10 cm proximal, linking the midpoint of the ulna and radius and the midpoint of the medial epicondyle and the lateral epicondyle of the humerus), they were bent to 90 degrees, with the hands held at the chest and the measurement being performed at the posterior surface. When measuring the lower legs (10 cm distal, linking the midpoint of the patella and the third digit), the legs were bent to 90 degrees, and the measurement was performed at the posterior surface.
| Measurement methods
A gel pad was placed at each measurement site. An ultrasonic probe was in contact with each pad, and the longitudinal axis and perpendicularity were maintained. When contacting the ultrasonic probe, the pressure was that caused by its own weight for all subjects, thereby consistently avoiding excessive pressure on the skin tissue. The ultrasonic probe was grasped between the first and third digits of the dominant hand, and the fifth digit was lightly placed against the body surface to maintain stability during the measurements. The gain was set to auto gain, and the depth was set to 4.0 cm. Images were obtained in the horizontal direction; the imaging site was shifted in intervals of 5.0 mm to acquire six images per measurement point, and the resulting values were averaged. The person performing the measurement was instructed by an anesthesiologist and a clinical laboratory technician. 
| Ultrasonic image analysis
| Ultrasonic imaging findings
We evaluated the presence of opaque layer structures, increased echogenicity of subcutaneous tissue, ruptured fascia, and the cobblestone appearance of the ultrasound image. The researcher and research assistant performed separate evaluations, and the findings used were those on which both parties agreed. The presence and state of the skin injury were evaluated according to the surgical nurse records, anesthesia charts, medical records, and observations during measurements.
| Data analysis
The epidermal/dermal tissue thickness, subcutaneous tissue thickness, and skin tissue thickness values were subjected to the ShapiroWilk test to confirm their normality. A comparison of changes in the epidermal/dermal tissue thickness, subcutaneous tissue thickness, and skin tissue thickness over time was performed using one-way analysis of variance (ANOVA) with repeated measures for the values from each postoperative measurement day on the basis of the preoperative values. The factors for which a significant difference was found were subjected to multiple comparisons (Bonferroni method).
The significance threshold was less than 5%. Statistical processing was performed using IBM SPSS Statistics version 23.
Oral and written explanations were provided to the subjects and their families regarding the study purpose and methods, protection of personal information, free cooperation in the study, maintenance of anonymity, and publication of study results. We obtained written signatures as verification of consent from the subjects. In addition, we immediately halted the study procedures if cooperation in the survey could not be obtained, such as if the subject reported pain or nausea during the measurement. The study was performed with the approval of the institutional review board of Gunma University Hospital (approval number 1536).
| RE SULTS
Basic characteristics of the 20 subjects are shown in Table 1 . Based on the average age of the subjects, elderly people were targeted. The liver reserve capacity was maintained in relatively good condition.
Surgical data are provided in Table 2 . The operative time was more than 7 hours, and the anesthesia time was approximately 9 hours. In addition, the average postoperative water balance was more than 2755 mL (standard deviation, ±797.8 mL), which was excessive. Confirmation of normality using the Shapiro-Wilk test The lateral abdomen exhibited a higher frequency of increased echogenicity of subcutaneous tissue, cobblestone appearance, and increased opacity of the layer structure compared with the other measurement sites (Table 4) . Furthermore, the transition of the abdominal echo image of the same patient is shown (Figures 2-5 ). Skin injury occurred in 16 of the 20 subjects (80%) ( Table 5 ). Of the types of skin injury, the most common was epidermolysis bullosa, which was found in 11 subjects (69%), followed by blistering, which was found in 2 subjects (12%), internal bleeding, which was found in 2 subjects (12%), and redness, which was found in 1 subject (7%). The skin injury occurred most commonly in nine locations of the abdomen and five locations of the thorax where the surgical drapes were adhered, followed by two locations on the thigh, one location on the back, one location on the neck, and one location on the upper arm.
Skin injury occurred most commonly immediately after surgery (8 cases; 50%), followed by day 3 postoperatively (4 cases; 25%), day 5 postoperatively (3 cases; 19%), and day 2 postoperatively (1 case; 6%).
| D ISCUSS I ON
Changes in the skin structure of patients who underwent highly invasive open surgery led to the discovery of defining characteristics. As a result of using an ultrasonic imaging diagnosis device to compare the skin tissue thickness at the lateral abdomen, upper arm, and lower leg, we found that the epidermal/dermal tissue thickened at all measurement sites. Interstitial fluid was present between cells and was considered to exist in marked quantities in dermal tissue located underneath the epidermal tissue. Therefore, we were able to confirm postoperative stromal edema in the epidermal/dermal tissue.
One cause of thickening was believed to be the accumulation of exudates from the hepatic resection surface. Exudates flow from sites of organ excision, such as the hepatic resection surface. Exudates primarily result from localized vascular permeability caused by the inflammatory response, and it has been shown that tissue edema occurs at surgical sites. 14 Therefore, we observed marked thickening of each layer of skin tissue at the lateral abdomen, which was near the surgical wound.
A third space, which refers to moisture that forms tissue/organ edema via nonfunctional extracellular fluid, formed as a result of increased vascular permeability. With intracellular fluid as the first space and extracellular fluid as the second space, the increased vascular permeability due to surgical invasion and the resulting movement of intravascular moisture out of the vasculature resulted in edema in organs adjacent to the surgical site and those further away. 15 It is possible that edema was most prominent at the lateral abdomen because the amount of moisture transfer to the third space was highest at sites of highly invasive surgery. Furthermore, Tatara et al used a simulation model to study edema in relation to the amount of fluid infusion over time. 16 Their results indicated that although edema did not occur during brief and rapid fluid infusion, the longer the period of infusion, the more pronounced the edema became. Furthermore, it was shown that for surgeries exceeding 8 hours, edema could not be avoided, even if intraoperative fluid infusions were restricted and the fluid was retained in the stroma. 10 Therefore, an increased total amount of fluid infusion Compared to the imaging findings at the upper arm and lower leg, the lateral abdomen exhibited more marked increases in echogenicity of the subcutaneous tissue and in opacity of the layer structure.
In addition, a cobblestone appearance was only identified at the lateral abdomen. According to previous studies, increased echogenicity of subcutaneous tissue according to magnetic resonance imaging and ultrasonic imaging findings was a finding of interlobular fibrosis and accumulation of bodily fluids; however, these adipose lobules have also been found to contain almost no accumulation of body fluids. 16 It has been reported that this reflects the involvement of vascular components owing to the breakdown of the capillary network, thus leading to the detection of increased brightness due to stronger acoustic backscattering.
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Measurement day Ultrasound imaging findings
Ultrasound image measurement site N (%)
Abdomen
Upper arm Lower leg
Day before surgery (n = 20)
Postoperative day 1 (n = 20)
Postoperative day 3 (n = 20)
d, opaque layer structure; e, high brightness of the subcutaneous tissue; f, rupture of the muscle membrane; g: cobblestone.
TA B L E 4 Ultrasound imaging findings F I G U R E 2 Identification of the normal skin tissue structure the day before surgery F I G U R E 3 Loss of superficial fascia. Postoperative day 1
Increased opacity of the layer structure is considered to result from swelling of the subcutaneous tissue and the loss of superficial fascia due to accumulated body fluids. 18 This has also been shown to occur because of body fluid accumulation in the epidermal and dermal tissues when edema causes particularly pronounced firmness. 13 It has been shown that with a cobblestone appearance marked edema increases the attenuation of ultrasonic waves, making the deep muscle layers indistinct and making the distinction between the low-echogenicity region of interstitial fluid and the high-echogenicity region of subcutaneous fat more clearly visible. 19 As described, previous studies have indicated that body fluid accumulation would increase 13 and that the proteins in the retained fluids would lead to increased adipose tissue and formation of fibrous tissue in between. 20, 21 Therefore, because such findings occurred to a greater extent at the lateral abdomen, which is the site of highly invasive surgery, we believe it is highly likely that these characteristic findings reflect the postoperative accumulation of interstitial fluid;
however, the present study could not confirm this.
Stromal edema of the epidermal/dermal tissue layers alters the structure of the skin tissue, reduces elasticity, and leads to weakness. 22 The results of this study indicated that a number of cases of postoperative epidermolysis were caused by physiological factors such as thickened skin tissue layers and skin moisture from perspiration, chemical factors caused by the application of medical tape for an extended duration, and physical stimuli, such as when the tape was peeled off the skin. An existing survey of skin tears also found that approximately 40% involved epidermolysis caused by medical tape as a result of thinning and edema of skin tissue. 23 Furthermore, a study by Imazuru 24 found that skin injury where drapes were adhered and at sites prone to pressure ulcers when lying supine occurred in 85% of patients. Therefore, it is important to improve surgical draping materials, introduce preoperative patch testing, and use agents to protect skin such as peeling adhesives to achieve perioperative management that does not cause skin injury.
This study succeeded in providing an understanding of the thickening of each individual skin tissue layer using an ultrasonic diagnostic imaging device. As a result, it is necessary to develop focused measures for preventing perioperative skin injury by studying skin injury prevention care for each layer and to elucidate the relationship between the characteristic stromal edema and skin injury. However, this study was performed using a limited number of patients at a single facility; therefore, it was not possible to control for the surgical procedure, amount of blood loss, and degree of surgical invasiveness, thereby making the results difficult to generalize.
| CON CLUS ION
We performed an objective evaluation of the skin tissue structure using an ultrasonic diagnostic imaging device to visualize F I G U R E 4 Cobblestone appearance. Postoperative day 3 F I G U R E 5 Opaque layer structure. Postoperative day 5 TA B L E 5 Postoperative skin injury (n = 16) thickening of the epidermal/dermal tissue layers at the lateral abdomen, upper arm, and lower leg as a result of surgical invasion. Furthermore, we identified subcutaneous tissue thickening and characteristic stromal edema at the lateral abdomen, which is the site of highly invasive surgery. As a result, we showed that skin tissue is weakened postoperatively, particularly at the site of the surgical wound, and is more easily damaged. In the future, more patients should be studied to determine the effects of differences in surgical procedures and methods of anesthetization on changes in the skin tissue structure on the basis of age and physical conditions.
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